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Cataly sts 

This Invention related Id transition metal catalysts for performing asymmetric hydrogenatlon 
reactions and In particular to transition metal catalysts for the asymmetric hydrogenatlon of 
ketones and iminas. 

s 

Transition metal catalysts particularly those based on chiral ruthenium (Ru) phosphlna 
complexes are known to be effective for the asymmetric hydrogenatlon of ketones. 
EP-B-0718265 describee the use of chiral Ru-bls(phosphlne)-1 t 2-dlamtne complexes forth© 
hydrogenatlon of ketones to produce chiral alcohols. Similarly, WO 01/74629 describes a 
10 chiral Ru-Phanephoa-1 ,2-dlamtne complex for the asymmetric hydrogenatlon of ketones, 

Although it Is accepted that the combination of bis(phosphtne) and (he chiral diamine Uganda 
are Important for achieving a high enantiomeric excess (ee) and a wide range of phosphlna 
Uganda has been described, only 1,2-dtamlne Uganda have been considered heretofore. By the 

16 term *1,2-dlamlnes° we mean diamines wherein the carbon atoms to which the amine 
functionalities are bound are directly linked. Such diamines Include chiral substituted 
ethytenedlamlne compounds such as (S.SWIphenylethylenedlamlna ((S,SK>P*n). Without 
wishing to be bound by any theory we believe that this is due to the perceived need for the 
resulting conformatlanally-stabie 6-membered ring structure that forms when 1 ,2-diamlnes oo- 

20 ordinate to the metal atom. Larger ring structures, for example those formed using 1,3- or 1,4- 
diamlnas can be less conformatlonally-stable and therefore may be expected to provide 
catalysts that give lower enantiomeric excesses than the corresponding catalysts prepared 
using 1,2-dternlnes. . 

25 Accordingly the chiral catalysts heretofore comprise 1 ,2-dlamines and have relied principally 
upon variation of the structure of the phosphlna ligand to improve their enantlosalectlvlty. 
Although effective for some substrates such as acetophenona, a range of ketone and limine 
substrates remain unreactive to the existing catalysts or are obtained with undesirably low 
enantiomeric excesses. 

30 

We have found surprisingly that chiral catalysts suitable for the hydrogenatlon of ketones and 
Imlnes may comprise diamines that provide larger ring structures and that such catalysts can 
provide higher enantiomeric excesses than those comprising 1,2-diamines. 

35 Accordingly the invention provides a chiral catalyst comprising the reaction product of a group 8 
transition metal compound a antral phosphlna and a chiral diamine of formula (I) 




"VN 80O18 
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in which R\ R*. R* or R 4 are Independently hydrogen, a saturated or unsaturated alkyl. or 
cydoalkyl group, an aryl group, a urethane or sulphonyl group and R 8 , R 8 , R r or R 8 are 
independently hydrogen, a saturated or unsaturated alkyl or oyoloalkyl group, or an aryl group, 
at least one of R\ R\ R* or R 4 la hydrogen and A Is a linking group comprising one or two 
substituted or unsubstltuted carbon atoms. 

• 

The group 8 transition metal compound may be a compound of cobalt (Co), nickel (Nl), 
ruthenium, (Ru), rhodium (Rh), Indium (I), palladium <Pd) or platinum (Pt). For hydrogenaton 
of ketones and Imlnea the transition metal compound is preferably a compound of ruthenium. 

•Hie metal compound may be any metal compound that Is able to react with the phosphlne and 
the chlral diamine (I) to provide a metal complex catalyst The metal compound is preferably a 
metal salt, e.g, hattde. cerboxytate, sulphonate or phoaphonate, or an oiganometalBc 
compound. Particularly suitable metal compounds include IRuCWbenxene)]* and 
(RuClj(cymene)b. 

The chlral phosphlne may be a monodentate or bidentate phosphlne. Preferably the chlral 
phosphlne Is a chlral bls(phosphifte). A range of chlral bl8(phosphlnes) are known and mBy be 
uaed In the present Invention. Suitable chlral bfa(phoaphlnes) include but are not restated to 
the following structural types; 




a 

R'«'CJ 



R 
R 




BIPHEP 

R= aryl and alkyl 
R 1 = alkyl, alkoxy 
R** H, alkyl, alkoxy 



BINAP, R » aryl and alkyl 



PUPHOS 

R= alkyl, alkoxy, 

hydroxy, amino, aryl 






TMBTP 
R= aryl, alkyl 
X=0, S,N 



BITIANAP 
R= aryl, alkyl 
X«0, S, N 



BIPFUP 

R = aryl. alkyl 

X ■ O, S. N 
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R a P 



POOR' 



PR a 



bppm 

R ■ Aryl, Alkyi 
R' -Alkyl 



R 2 P 



OEOPHOS 

R°aryl 

R' = H, Benzyl 




SELKE 
R»Ph 



MeO 




CARBOPH08 
R = aryl 

R' ■ CH a C(0)Ph 



/ X 0 -k^PR 2 



Ph 




JO8IPH0S 
R - alkyl, aryl 

R' ■ alkyl, aryl 



DK3P 
R = aryl 




Ph 



PH Ph 
BIPNOR 




NHPR 2 
NHPR a 




R - alkyl 




BINAPAN 
R ■ aryl, alkyl 




PHANEPHOS 



P-PHOS 
R"aryl 



Prafarably. the chlral phosphlne is based on BINAP, DUPHOS, PHANEPHOS, and P-PHOS. 
6 The chlral diamine la of formula (I) 
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0) 



R 9 "*R< 



In which R 1 , R* R 3 or R 4 are independently hydrogen, a saturated or unsaturated alkyl, or 
cycloalkyl group, an aryl group, a urethane or sulphonyl group and R s , R fl . r' or R 9 are 
independently hydrogen, a saturated or unsaturated alkyl or cycloalkyl group, or an aryl group, 
at least one of R 1 , R 2 , R s or r" is hydrogen and A Is a linking group comprising one or two 
substituted or unsubsthuted carbon atoms. 




< 
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Herein the term "alky!" ia meant to encompass straight chain or branched elkyl groups (e.fl. C1- 
C20) such as methyl, ethyl, propyl, teo-propyl. butyl, Iso-butyl, eec-butyl, tert-butyl. pentyl. 
hexyl. heptyl, octyl, nonyl, decyl. dodecyl, and stearyl, "cycloalkyr ia meant to encompass (e.g. 
C3-C10) oycloalkyl groups such as eyclopropyl, cyolobutyl. oyolopentyl, eydohexyl or 
S adamantyl. and "aryl" la meant to encompass aromatic groups eiion as phenyl (Ph), nephthyl 
. (Np) or anthracyl and heteroaryl groups such as pyrldyl. The alkyl groups may be optionally 
substituted with one or mora substltuents such as hatlde (CI, Br, F or I) or alkoxy groups, e.g.- 
methoxy. ethoxy or propoxy groups. The aryl groups may be optionally substituted with one or 
more subatltuent such as hallde (CI, Br, P or 0, alkyl (C1-C2Q) alkoxy (C1.C20). amino (NR a , 
10 where R = hydrogen or alkyl). WW* hallde (e.g. CI, Br or F), carboxy (C0 2 R\ R' = H or alkyl) 
or sulphonate groups. Suitable substituted aryl groups Include 4-methylphanyl (tolyl), 3,5- 
dimethylphenyl (xylyl), 4-methoxyphenyl and 4-methoxy-3,6-dlmethylphenyl. 

R 1 , R\ R* and R 4 may be the same or different and are preferably selBOted from hydrogen or 
15 methyl, ethyl, isopropyl. eydohexyl, phenyl or 4-methylphenyl groups. 

In one embodiment, R 1 and R 2 are linked or R* and R 4 are linked so as to form a 4 to 7- 
• membered ring structure, preferably a fi- or B-membered ring structure. Incorporating the 
nitrogen atom. 



20 



Most preferably R 1 , R 2 . R s , R* are the same and are hydrogen. 



r 6 , R 8 , R* and R* may be the same or different and are preferably hydrogen, methyl, ethyl, 
propyl", teo-piopyl, bulyl, Iso-butyl, see4>utyl, tart-butyl, cycloalkyl groups such as eydohexyl. 
25 aryl groups such as substituted or unsubstituted phenyl or naphthyl groups. 

In one embodiment one or more of R fl , R 6 R 7 or R B may form one or more ring structures^ with 
the linking group A. The ring structure may comprise an alkyl or heteroawyi 4- to t- mam^ 
ring, preferably a 5- or 6-membered ring or may be an aromatic ring structure. e.g. aryl or 
30 hetero-aryl. 

In EP-B-0718266 It was suggested that the nitrogen atoms of the diamine should be bound to 
chiral centres (centers of asymmetritity. p7. fine line 2). We have found surprisingly that the 
chlrality need not reside In these carbon atoms but mey suitably be present In other parts of the 
35 diamine molecde, e.g. within R 5 , R B , R 7 or R 8 or linking group A. 

The diamine ligand (I) is chiral. Preferably R 8 , R", R 7 or R a or linking 9 roup A are chosen such 
that the Hgand may be homochlral. I.e. (R,R) or (S,S) or have one (R> and one (8) centre. 
Preferably the chiral diamine Is homochlral. 
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Unking group A provides a link between the carbon atoms to which the amine groups -NR'R« 
and — nr*r 4 are bound and comprises one or two substituted or unsubstttutad carbon atoms. 
Substituting groups may replace one or both hydrogen atoms on the carbon atoms. The 
substituting groups may comprise one or more alkyl (C1-C20). alkoxy (C1-C20) or amino (NR a , 
where R = hydrogen or alkyO groups. The substituting groups may ferm one or more ring 
structures, a.g. a 4 to 7-membered ring structures incorporating one or more carbon atoms 
making up the linking group. Thus linking group A may comprise one or two carbon atoms 
forming part or one or more aromatic ring structures. 

♦ 

In one embodiment the diamine Is of formula (II) 



(II) " R 

* 

wherein R 1 , R 8 , R 3 , R\ R", R» R 7 and R B are as previously descrlbsd and B is a linking group 
comprising one or two substituted or uneubstituted cerbon atoms. Preferably R\ R*. r», r* are 
15 hydrogen, R 8 , R a , R 7 and R* are hydrogen or alkyl groups and B comprises C(CH,)a or 
<CH,)(OCHa)C-C(CHa(OCHa). 

In a further embodiment, the diamine Is of formula (III) 




20 wherein R 1 , R 2 , R 3 , R 4 , R a , R T and R B are as previously described and R* Is a protecting group. 
Preferably R 1 , R a and R 8 are hydrogen. R 3 and R 4 are hydrogen or alkyl, R 7 and R B are 
hydrogen, alkyl or aryl. It will be understood by persons skilled In the art that a wide range of 
protecting groups R' may be used for example alkyl. eryl. carboxylate. amldo or sulphonate 
protecting groups may be used. e.g. benzyl (CHaCaHg), methyl, tart-butyl, allyl. phenyl and 

25 substituted phenyls. C0 4 C(CHa) 4 (Boo). COaCHaC,^ (Cta), ethyl carbonate, fermamide. 
acetamldes, benzamldea. tosyl <Ts) and mesyl (Ms). 
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in a further embodiment the diamine Is of formula (IV) 




wherein R 1 , R j , R 9 , R 4 . R 8 , R b . R 7 and R' are as previously described. Preferably r\ R a , R s . 
R 4 , R a , R* are hydrogen and R 8 and R B ens aryior substituted aryl, more preferably CM or 

In a further embodiment, the diamine has R 1 , R 9 , R 9 , R* are hydrogen and is of formate (Y) 




wherein R* and R B are as previously described and n « 1 or 2. Preferably R and R B are 
10 hydrogen. 

Thus suitable chlral diamines inolude but ere not restricted to the following; 

CyOCtCHah 



HaN— \ 



NH 2 H a N 




OCH 3 H ? N NHa 

»»«' 



OCHa 




Dppn 



3 — / \h 2 
H a N 



PyrBD 
H a N NH a 




DloBD cls,cls • SplroDiamlne 

R 

R ■ H. alkyl, aryl 




CeHa 
< — NH 2 



CyOC(CH 3 ) 3 
N. 



h 2 i/ 1 



« 6ch 3 

RbH, alkyl, aryl 



O^OC(CH3) 3 
N R = alkyl. aryl 

H 2 N r R ..<^J 




RbH, alkyl, aryl 




R = alkyl. aryl 



H 2 NI NHj 
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Accordingly, group 8 transition metal catalysts of the preaant Invention include but are not 
limited to the following; 




OMe 






*-BOC 
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OMe 




BOC 



where R » aryl, e.g. phenyl (Ph), toly I (Tol) or xylyl (Xyl). 

■ 

The catalysts of the present Invention may be readily prepared from the metal compound, 
phosphine and diamine. In general, the metal compound is combined with the phosphine In a 
suitable solvent and heated if necessary and then the diamine Is added to form the daslrad 
metal complex catalyst. For example. P-Phos reacts under relatively mild conditions with 
[RuCWbenzeneJife and then 1.3-Dppn to form a catalyst suitable for performing asymmetric 
hydrogenation reactions. This reaction la depicted below. 



OMe 




OMe 



p I) RuCybenzentOfe, dmf, 1 1 0 C 

». MeO 

II) diamine, DCM , RT MeO 



R R 



OMe 





where R = aryl 

The chirel metBl complex catalysts of the present Invention may be applied to a number of 
asymmetric reactions used to produce chlral products. Such reactions include but are not 
limited to the asymmetric hydrogenation of ketones and Imlnes. To achieve high levels of 
enantiomeric purity In the reaction It Is preferred that the metal complex comprises a 
substantially enantlomertcally-pure phosphine and 1.3- or 1.4-dlamine llgands. 



mMMmmmwmmwM 
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The conditions for using the metal complex catalysts are typically similar to those used for 
structurally related catalysts. For example, for the asymmetrlo reduction of ketones, the above 
catalyst may be used at room temperature under standard hydrogen pressures In combination 
5 with a strong base such as a sodium or potassium alkortde, e.g. potassium tertrbutoxlde 
(KO'Bu) to yield chiral alcohols In high yield and enantiomeric excess. 

Ketones and Imines that may be reduced using catalysts of the present Invention may be of 
formula RCXR' in which R and R' era substituted or unsubatltuted, saturated or unsaturated 
10 alkyl, cycloslkyl or aryl groups which may be linked and form pert of a ring structure, e.g. a 6 or 
6 membered ring structure, and X is O (Oxygen) or NR" In which R* may be alkyl, cycloalkyl or 
aryl which may be linked to R and/or R* as part of a ring structure. 

The Invention Is further Illustrated by reference to the following examples. Unless otherwise 
1 5 stated room temperature was 20~2B°C. 

Bamate 1; fcmttigla ftf Qiphgnyl-1,^ftc<iwne<flamlne (Pppn) 

The diamine was prepared by the procedure of Roos et al. (Tetrahedron: Asymmetry 1999, 
891 -1G00)> The dlol was prepared by transfer hydrogen ation of the dlketone by the procedure 
20 of Cossy (Tetrahedron Letters, 2001 , 8005-8007). 




(a) 1,3-DJphenyM ,3-Propanedlol 

A mixture of dlbenzyloylmethane (2,6 g. 0.0117 mol), (RuCI(cymene)(R t R)Ts- 
DlphenylethylenedlamlneJ (76 mg, 0.117 mmol) in trlethyiamlnB/lbrmic acid azeotrople mix (5:2, 
25 0.0234 mo!) and dtchloromethane (10 ml) was heated at 40 * C for 48 hrs. The solvent was 

removed In vacuo and the residue poured Into water (100 ml) which resulted In the precipitation 
of a colourless solid. The solid was dried and used in the next step without further purification. 

(b) 1 ,3-DlphenyM ,3-PropanedJazide 

30 To the chiral l^-DiphenyH.a-Propanedtol (0.150 g. 0.684 mmol) and trtethylamine (0.205 g ( 
2.03 mmol) In tetrahydrofuran (THF) (6 mD at 0°C under nitrogen was added methanesulfonyl 
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■ 

chloride (0.102 ml, 1.33 mmol). The mixture was allowed to warm to room temperature and 
stirred for 1 hr. The mixture w&a than filtered and the solid washed with a further portion of 
THP (6ml). The solvent was then removed In vacuo to leave the crude product To this crude 
product was added dlmethylformamlde (DMF) (2 ml) and sodium azlde (0.135 g. 2.08 mmol) 
end the mixture stirred at room temperature overnight Thin layer chromatography (TLC) 
Indicated complete conversion of the starting material. The DMF was removed in vacuo and 
methyl-tert-butyl ether (MTBE) added (25 ml). The organic layer was washed with water (25 
ml) and brine (25 ml). The solvent was removed to yield the dlazlde as a colourless solid. 
! H NMR (CDCI* 400 MHz) 8 7.7 - 7.0 (10H, m, Ar-H), 4.7 <2H, t, CH), 2.0 (2H, t, CHa). 

(c) 1,3-OlphenyM ( 3-Propanedlam!na (dppn) 

A mixture of the dlazlde (0.1g, 2.79 mmol) and Pd/C (10 wt % Pd, 0.010 g) was stlrrad in an 
autoclave under hydrogen gas (80psi) for 2 hrs. The hydrogen was released and the mixture 

filtered through cellte. The solvent was removed to give the diamine as Initially a colourless 
solid which was recryatalllBad by using a minimum amount of chloroform. 

1 H NMR (COCb. 400 MHz) S 7.7 - 7.0 (1 OH, m, Ar-H), 3.8 (2H, t, CH), 2.0 (2H, t, CHa). 



a) Preparation of Ru[Cl 2 {(rt/S)-Xyl-P-Phos}{(fl,R)-DPPN}]. 



20 



25 



OMe 



MaO 
MeO 




OMe 



rSV 



I) RuC! 2 (benzene)| 2l dmf, 110C ^JL^d— \L ?■ 



D II) diamine, DCM I RT 

t N Xyi 

Xyl 



* MeO 
MeO 



Xyl 




OMe 



A solution of (R)- or (8)-Xyl-P«PhQ8 (1QO mg, 0.132 mmoQ and lRuCI 2 (benzene)] dlmer (31 .5 
mg, 0.083 mmol) in Dlmethyfformamlde (1 ml) was heated at 100 C for 2.fi hra under N 2 . The 
dark red reaction mixture was cooled to room temperature. To this crude complex was added 
a solution of the (R.RJ-Dppn diamine ( 0.138 mmol) In dlchloromethane (1 ml) under nitrogen. 
The brown solution was stirred at room temperature overnight after which the advent was 
removed In vacuo lo yield the crude complex as a brown solid. 



30 



rr»/)S-Ru[Cl a {(/^-Xyl-P-PhasM(RR)-OPPNH. S1 P NMR (400 MHz, CDCb) #44.5 (S). 
7raftS.Ru[Cl a ((S;-Xyl-P-PhosH(^.W>-DPPN}J. ai P NMR (400 MHz, CDCI 3 ) <F44.5 (s). 
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b) Preparation of RulCW(fi)0(yl-BINAPH(RR)-DPPN}). 

The above experiment was repealed combining (R)-Xyl-BINAP with [RuCWbenzene)) dlmer 
and reacting this with the (R,R)-Dppn. The crude product was obtained by removal of the 
5 solvent Trans4lulCW(«)-Xy«INAPK(ff.«)-DPPNM. m P NMR (400 MH*. CDCIj) 8 45.3 <S>. 

gga nmla ft: Hvdrooan ,q HQn RaacBons using pppn-catalVBts 

General method: Asymmetric hydrogenatlon of ketones (substrate to catalyst ratio 1000/1): 2- 
propanol (2 mL), Ketone (2 mmol) and 0.1 M potassium tart-butoxide (KO'Bu) (50 ^L, 5x10* 
10 mmol) were added In turn to a 25 mL autoclave charged with the ruthenium estBlyst (2 x 10* 
mmol), under Inert atmosphere. The vessel was first purged with hydrogen three times and 
then pressurised with hydrogen to 8.3 bar. The reaction mixture was stirred at room 
temperature tor the Indicated time. The enantiomeric excess was determined by gas- 
chrametogrephy using a Chlraail-DEX CB column. 

Asymmetric hydrogenation of ketones (substrate to catalyst ratio » 2500/1): 2-propanol (4.4 
mL), ketone (5 mmol) and 0.1 M KO'Bu (50 uL, 5 x 10* mmol) were added in turn to a 25 mL 
autoclave charged with the ruthenium catalyst (2 x 10" 9 mmol). under Inert atmosphere. The 
vessel was first purged with hydrogen three times end then pressurized with hydrogen to 145 
20 psl. The reaction mixture was stirred at room temperature tor the Indicated time. The 

enantiomeric excess was determined by gas<hremetography using a Chlresll-DEX CB column. 
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a) Hydroganatlon of Aeetephenone 



^5" 



H 2 (8.3 bar), f-BuOK, 2-propanol 



OH 



Using the general method, the Dppn-catalysts of Example 2 gave the following results; 



Catalyst 



(R)Xyl-P-Phos-RuCla-Dppn 



(R)Xy l-P-Phos-RuC fe- Dppn 



(R)Xyl-P-Phos-RuCla-Dppn 



8/e 



1000 



2500 



2600 




Time (hrs) 



3 



Conv. (V*) 



(%) 



100 



100 



100 



93 



95 



95 



Id* IU1LUJ 



"N 80018 
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b) Hydroga nation of ptnacolone 




Ha (8*3 bar), f-BuOK. 2-propenol 



OH 




Using the general method with the Dppn-catalyats of Example 2 gave the following results; 



Catalyst 


6/c 


Time (hra) 


Conv. 


Ee (%) 


(R)Xyl-P-Phos-RuClj-Dppn 


1060 


18 


46 


66 


(R)Xyt-BINAP-RuCb-Dppn 


1000 

* • 


16 


48 


60 



A comparative experiment was performed using the general method with a comparative 1 ,2- 
diamine catalyst based on 1,2-dlphenylethylenedtemIne (Open). 



Comparative Catalyst 


S/e 


Time (hrs) 


Conv, 


Ee (%) 


(R)Xyl-BI NAP-RuCle-(R,R)Dpen 


1000 


16 


30 


11 



10 



The results demonstrate that the Oppn-catalysts of Example 2 can give an Improved yield and 
enantiomeric excess over the comparative 1 ,2-diamine catalyst 



Example 4: Synthesis of O^Amlnemethvl.J.e.dlnnathQxv-g-fl.Plnftaihviri 4l-dlo«.n.3.wn. 
15 mathvlamlna rrs.SWDIoBDI 

The Intermediate diol was prepared according to literature procedure for steps (a) and (b). (Ley, 
J. Cham. Soc., Parkin Trans 1, 1999, 1627). 



Me ° aC ~~ToFP H 



MeO s C- 

Dimethyl (L) Tartrate 



(8) 

CHaOOCOCHa 
CH{OMe)3 



m 

MeB a e c°i££d 




(b) 

UAIH4, 0 c 



HO 
HO 




I) MsCI, NEt a 

II) NaN 3< Umf 



N 



3 





OMe 
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(a) (3-hydroxymathyl-6^-dlmethoxy.M.DIm©thyll1 .4]dl«an-2-yl]mBthylalcohol. 
A mixture of dlmethvKlHartrate (4.678 g. 0.0267 mal). 2>butadlone (2.05 g. 0.0308 mol). 
trimethyl orthofbrmate (11.41 g. 0.0771 mol) and camphor eulphonlo acid (0.687 g. 2.67 mmol) 
3 In anhydroua malhanol was refluxed overnight (1 7 hrs) under nitrogen. The reaction was 
cooled and the solvent removed by rotary evaporation to give tha cruda product ae e brown 
solid. The material wee passed through a oolumn of silica to give the pure product 

<b> To a solution of the dleater (3.2 g. 0.01 1 mol) In dry THF at 0°C was added a solution of 
10 UAIH* (M 1 1 ml. 0.011 mol) dropwlse. After the addition was complete the reaction mixture 
was allowed to worm to worn temperature and eHirad tor 1 hr. The reaction was then cooled to 
0°C and ethylacetate (EtDAo) (6 ml) was added. Tha reaction mixture was then poured Into 
saturated aqueous ammonium chloride solution and extracted with EtOAc (3x100ml). The 
solvent was removed to give the crude dtol aa a Bght brown solid, which was used without any 
15 further purification. 

(c) (3^zldomathyl-B^imethoxy«dlmetoyl[1 ( 4:dloxan.2-yamethytezlde 

To a soluBon of the dtol (1.818 g, 7.80 mmol). and triethylamlne (4.28 ml, 0.03 mmol) In dry THF 

(15 ml) at 0°C under N a was added dropwlee methensulphonyl chloride (1.26 ml. 0.016 mol). 

20 The reaction mixture was allowed to warm to room temperature and the stirred for 1 h. The 
mixture was then filtered and the solid washed with THF (2x 5ml). The THF was removed In 
vacuo to give the crude product. To this crude product was addBd sodium azlde (1.08 g. 
0.0189 mol) and DMF (5 ml). The mixture was heated at B(fC for 14 hra. Then the DMF was 
removed under high vacuum. MTBE was then added and the organic phase washed with 

25 water (3x1 00 ml) and brine, dried over anhydrous MgS0 4 and the solvent removed to give the 
crude product The diazide was obtained by column chromatography elutlng with hexane - 
EtOAc (0:1) to give the product as a white solid (0.8 g,). 

(1H. dd. J 13 and 2.6, CHH). 1.25 <3H, s. CH& 13 C NMR (CDCl,, 100 MHZ) 100 (C). 69 (CH), 
30 50.B {CHj), 48.1 (CH 2 ), 17.3 (CH3). 

(d) (3-Amlnometovl-5-6^imethoxy-6-8-Dlmethyl[1.4ldloxan-2-yllmethylamine [(S,S)OtoBDl 
A mixture of the diazide (0.8g, 2.79 mmol) and Pd/C (10 wt % Pd. 0.026 g) was stirred in an 
autoclave under H 2 (BOpsl) for 2 hra. The H 2 was released and the mixture filtered through 
35 celite. The solvent was removed to give the diemine as initial a colourless oil which eventually 
solidified upon standing. 

1 H NMR (CDCfe, 400 MHz) 8 3.52 (1H, m, CH). 3.2 (3H. s, OCH 3 ). 2.7 (2H, or d, J 4, CH*), 1 .25 
(3H. s, CH 3 ); 13 C NMR (CDCls, 100 MHz) 8 98.5 (C), 71.1 (CH). 47.9 (CH 3 ), 42.6 (CH 4 ), 17.6 
(CH3). 



bmsmmsm>mmmmm 
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Ffflmnllfl fii Preparation of 0»QBD catatvatfl 

(a) Preparation of Ru[CI,{(WS)-Tol-BINAPH(S,S)-OIoBD}J 



110 C 

5) diamine, DCM, RT 





10 



A solution of (R>- or (S)-TolBfnap (100 mg v 0.147 mmol) and [RuCI 2 (berizen8)] dlmar (37 mg. 
0.0737 mmol) In Dimethylformamlde (1 ml) was heated at 1 10°C for 15 mine under N*. The 
dark red reaction mixture was cooled and the dmf removed In vacuo* To this crude complex 
was added a solution of the (S,S)-0!oBD diamine (34 mg, 0.147 mmol) In dichtoromethana (6 

ml) under nitrogen. The yellowish solution was stirred at room temperature for 1 hr after which 
the solvent was removed in vacuo. The complex was extracted from the crude solid by 
addition of hexane:MTBE (1:1, 10 mQ, filtration and removal of the solvent which resulted In the 

precipitation of a yellow solid. The solvent was completely removed and to give the complex as 
a yellow solid. 



1 5 Ru[Cy (S)-TOI-BINAPH<S, S)-DiOBD}]t 91 P NMR (C DC b. 400 MHz) 5 44.8 
Ru[Cl2((«)'TohBINAPK<S-S)-DloBD)I: ai P NMR (CDCb, 400 MHz) 546.4 



20 



25 



Example 6: Hvdroflenation Reactions using DioBD-catai 

(a) Hydrogenatlon of Tetralone 




H2 (8.4 bar), tBuOK, 2-prcpanpl (1M) 



OH 

c6 



2-propanol (1 mL), tetralone (1 mmol) and 0.1 M KO'Bu (60 ^L, 5 x 10" 3 mmol) ware added In 
turn to a 25 mL autoclave charged with the ruthenium catalyst (2 x 10" 3 mmol), under inert 
atmosphere. The vessel was first purged with hydrogen three times and then pressurized with 
hydrogen to 8.3 bar. The reaction mixture was stirred at room temperature far the Indicated 
time. The enantiomeric excess was determined by GC using a Chirasil-DEX CB column. Using 
this method, the DIoBDnsatalyst of Example 5 gave the following results; 



Catalyst 


S/c 


Time (hrs) 


Conv.(%) 


Ee (%) 


(SJTolBINAP-RuCWS. S)-DloBD 


500 


18 


23.5 


81 



A comparative experiment was performed using the same method with a comparative 1,2 
diamine catalyst based on 1,2-dlphenytsthylenedlamlne (Open), 




Comparative Catalyst 




(S)TolBINAP-RuClr(&S>-Dpan 



Tlma(hrs) 



24 



5 Tha result demonstrates that the DIoBD-catalysta of Example 5 can $iv* an improved 
enantiomeric excess over the comparative 1,2-dlamlne catalyst 




1 o The synthesis Is based on the commercially available trans dloL Canaan (Organic Letters, 
2001 .3. 103). has reported the synthesis of these diamines for use as analogues that stabilise 
DNA duplexes and triplexes. 



I) NaNa, dmf. 60 C 
ii) Pd/C MeOH 



HM 



NH 



BOC =» C0 2 C(CH 3 ) 3 



(2S,4^-4^ethanewlfonyloxy-2HTiethanesuirontf acid tart- 

15 butyl ester To a solution of alcohol (-16 mmol) and trlethylamlne (6.5 mL, 45 mmol) in THP 
(100 mL) was slowly added mesylchlorlde (MsCI) (2,6 mL. 33 mmol). After stirring for 30 min at 
room temperature, the precipitated salts were filtered off and the reaction mixture was treated 
with saturated aqueous MH»CI (100 mL). The aqueous phase was extracted with MTBE (2 x 76 
mL). The combined organic layers were washed with saturated aqueous NaHCOa (100 mL) 
~20 and brine (100 mL). dried over anhydrous MgS0 4 and concentrated under reduced pressure to 
afford 4.67 g (12.5 mmol, 83%) of a white solid which was used without further purification. 

I) (2S,4S)-4^ldO'2-azldomethylpyiTOlldlne-1-carbo3<yllc acid tert-butyl ester. A solution of 
mesylate (4.67 g. 12.5 mmol) and NaN, (2,43 g, 37.S mmol) in DMF (50 mL) was heated at 
90«C for 24 hre. After cooling down to room temperature, the reaction mixture was diluted with 
26 MTBE (60 mL) and washed with H a O (5 x 50 mL). The organic phase was then dried 
(anhydrous MgS0 4 ) and concentrated under reduced pressure to afford a solid which was used 
without further purification, <H NMR (CDCI 3 , 400 MHz) 6 4.1 (1H, br 8). 3.9 (1H, br m), 3.66 (1H. 
br s). 3.5 - 3.2 (3H, br m). 2.2 (1H. m). 2.0 (1H, m), 1.4 (9H, s). 



crjpg rnun; 



^60018 
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H14444 



P.018'025 
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(it) (2S,4S)^AmIno-2^mlramethylpyrrofldta^ add tort-butyl ester. A mixture of 

the diazide (0.8g, 2.70 mmol) and Pd/C (10 wt % Pd, 0.025 g) was stirred In an autoclave 
under hydrogen (80pel) for 2 hrs. The hydrogen pressure was released and the mixture filtered 
through cellte. The solvent was removed to give the diamine as e colourless oil. 
'H NMR (CDCI*, 400 MHz) 6 3.76 (2H ( br a), 3.4 (1H ( m), 3.0 - 2.7 (3H. m), 2.25 (1H. m). 1.5 - 
1.3 (10H, m). 



10* 



15 



20 



25 



Example fl; Preparation of PvrBP catehafla 

a) Preparation of Ru[CW(WS)-Tol-BINAPH(S ( S^PyrBD}] 




i) RuCl2(ben*er>e)]2, dmf 1 10 C 

II) diamine. DCM, RT 




Ru' 
CI NH a 




BOC 



A solution of (R)- of (8>-Tol-Blnap (100 mg. 0.147 mmol) and [RuCla(benzene)] dlmer (37 mg, 
0.0737 mmol) in Dlmethylformemlde (1 ml) was heated at 106 6 C for 16 mins under nitrogen. 
The dark red reaction mixture was cooled and the DMF removed In vacuo. To this crude 
complex was added a solution of the (S, S)-PyrBD diamine (34 mg, 0.147 mmol) in 
dlchioromethane (5 ml) under nitrogen. The yellowish solution was stirred at room temperature 
for 1 hr after which the solvent was removed In vacuo. The complex was extracted from the 
crude solid by addition of hexane : MTBE (1:1, 10 ml), followed by filtration and removal of the 
solvent which resulted In the precipitation of a yellow solid. The solvent was removed under 
vacuo to give the complex as a yellow solid. 

RutCW(«)-Tol-BlNAPK(ft S)-PyrBD)]: 31 P NMR (CDCI 3< 400 MHz) 5 45.2 (d, J 37) and S 41 .3 
(d, J 37) 

Ru[Cl a ((S)-TohBINAPK(S,S)-PyrfiD}]: ,1 P NMR (CDCfe, 400 MHz) fi 44.5 (d, J 37) and 5 42.3 
(d ( J 37) 



b) Preparation of Ru[Cl2((WS)-Xyl-P-PhosX{S,S)-PyrBD}] 
OMe 



I) RuCWbenzene)^, dmf, 1 10 C 
^ MaO 

MeO 




p fi) diamine. DCM, RT 




Xyl Xyl jja 



NH 2 




BOC 



OMe 



" 15-JUL-S003 10:09 HMJTi: 
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A solution of (R)- or (SyXyl-P-Phoa (61 mo. 0.088 mmol) and tRuCWbeniene)] dimer (18.8 
mo. 0.0316 mmol) In Dimethylformamlda (1 ml) was heated at 1Q0»C for 2.8 hr* under nitrogen. 
The dark red reaction mixture wae cooled to room temperature. To this crude complex was 
6 added a solution of the (S.S)-PyrBD diamine (0.067 mmol) In dlchtoromether* (1 ml) under 

nitrogen. The brown solution was stirred at room temperature overnight after which the solvent 

was removed In vacuo to yield the crude complex as a brown solid. 

RulCM(«J-Xyl-P-PhoeK(S.S)-PyrBD)): ,1 P NMR (CDCI* 400 MHz) 8 46.2 <d. J 37) and 5 41.3 

(d, J 30) 

10 RulCW(S).Xyl-P-PhoeM(S,S).PyrBOH: W P NMR (CDCI S . 400 MHz) 6 44.6 (d. J 37) and 5 41.7 
(d, J 37) 



18 




a) Hydrogenatlon of (3'5>bls(trifluowmethyl)acetophenone 



H a (8.3 bar), tBuOK, 2-Propanol 





Hydrogenatlon was performed according to the general method described In Example 3. 
The PyrBD-catatysts of Example 8 gave the tallowing 




yv r compa r a tlve^xperimenKvafrf>effBfm 



20 diamine catalyst based on 1 ,2-dlphenylethylenedJamlne (Dpen). 



Comparative Catalyst 


S/c 


Time (hrs) 


Conv. 




(RJXyW-Phos.RuC^R, R)Dpen 


1000 


16 ' 


>96 


60 



The result demonstrates that the PyrBO-catalyste of Example 8 can give an Improved 
enantiomeric excess over the comparative 1,2-diamtne catalyst 



26 



")eooia 



TO: +€1633 814444 



P.020'0E5 



10 



15 



17 



b) Hydrogenatlon of Isobutyropnenono 

o 



9, OH 

H 2 (6.3 bar), tBuOK, 2»Propanoi ^^X^s 

Hydrogenatlon was parfbrmed according to the general method described In Example 3. 
The PyrBD-catalyst of Example 6 gave the following results; 



Catalyst 


8/0 


Time (hrs) 


Conv.(%) 


Ee(%) 


(5)T0lBINAP-RuClr<5, SJPyrBD 


1000 


14 


>98 


80 



A comparative experiment was performed using the general method with a comparative 1,2- 
dlamlne catalyst based on 1.24lphenyfethylanedlamine (Open). . 



Comparative Catalyst 

• 


S/c 


Time (hrs) 

• 


Conv. 


Ee(%) 


(SJTolBINAP-RuCljr^SJDpen 


1000 


48 


81 


87 



The result demonstrate that the Pyr BD-catalysts of Example 8 can give an Improved acivity 
and yield with comparable enantiomeric excess with the comparative 1,2-diamfne catalyst 



Example 10: Preparation of cfo.cfe^piroDfep^ ft 

The trans,trBns SplroDtol Intermediate was prepared according to literature procedure report by 
Chan (Tetrahedron Letters, 2000, 4425). 



CBS Reduction 



HOtf 



OH 
trans, bans 



(a) 
MsCI.NEfa 



MsCvH 




QMS 



< b ) M_ fc) u t»Ha 

H V N» Pd/C. MeOH Hj 



NaN 3 . dmf 



n s| N t 4 Pd/C,MeOH ^ V 

0<h — ht— 



(a) c&.Cfe Splro-mesylate: To a solution of tmnsMns did {0.27 g, 1.74 mmol) and 
triethylamlna (0.97 ml. 6.97 mmol) in THF (5 mL) was slowly added mesyl chloride (MsCl) 
20 (0.29 ml. 3.83 mmol). After stirring tor 60 minutes at room temperature, the precipitated salts 



15- JUL- 2003 10:09 FRLtf: 
( 160018 
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were filtered off end washed with a further portion of THF (8 ml). The solvent was removed In 
vacuo to yleW the crude product of a white solid that was used Into the next reaction without 
further purification. 

(b) Cla, da • Splrodlaride: A solution of mesylate (from previous step) end sodium azlde, NaN, 
5 (0.339 g, 5.2 mmol) in DMF (2.6 mL) was heated at WC for 17 hrs. After cooling down to 
room temperature, the reaction was diluted with MTBE (50 mL) and washed with H a O (6 x 60 
mL). The organic phase was then dried (anhydrous MgS0 4 ) and concentrated under reduced 
pressure to afford the crude product Flash column chromatography eluttng with hexane 
followed by hexane - ethyl acetate (4:1) gave the eta, as dlazide. 1 H NMR (CDCI,, 400 MHz) s 
10 3.7 (2H, S, CH), 2.0 - 1 .0 (6H, m. CH,). 

(o) Cfe, da- SpiroDlamlne: A mixture of the dlazide (0.1 g) and Pd/C (10 wt % Pd, 0.010 g) 
Was stirred In an autoclave under hydrogen (80psl) tor 2 hrs. The H, pressure was released 
and the mixture filtered through cellte. The solvent was removed to give the diamine as a 
colourless Oil. 'H NMR (CDC*, 400 MHz) 5 3.1 (2H, d, CH), 2.0- 1.0 (6H. m, CH 2 ). 

16 





a) Preparation of Ru[CI 2 {(/?)-PhanePHOSK(c/8,oiy-8plroDlamlneH 




1) [RuCl a (benzene)k, 
dmf, 100 C, 4h 

II) Diamine, 100 C, 1.5 h 




Ph Ph „ 

Ma 

v I 

Ph PhCI H a 



20 



25 



(R)-PhanePHOS (33 mg, 0.058 mmol) and [Ru(benzene)Ci] a (14.7 mg, 0.0294 mmol) were 
■pTareaifra-acMBnlrflagte — 
(1.5 ml) and toluene (2 ml) were added. The mixture was then heated at 105°C tor 4 hours. A 
red homogeneous solution was obtained. To the solution was then added solid cis.cis- 
SpiroDiamine (0.05889 mmol) and the solution heated again for 1.5 hrs at 105°C. The solvent 
was then removed under vacuo. The resulting solid was dissolved in CHaCI, and MTBE added. 
Removal of the solvent caused precipitation of a tan coloured solid. The solid was not 
collected but the solvent completely removed to give the crude complex, which was used 
without any further purification. 

Ru[Cia((R)-PhanephoBH(ofa,o/s;-SplroDiamlne )): J1 P NMR (CDCb): 44.68 ppm. 



30 
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Claims , 



1 , A chiral catalyst comprising the reaction product of a group 8 transition metal compound a 
chlral phosphlne and a chiral diamine of formula (I) 



In which R\ R\ R 1 or R 4 are independently hydrogen, e saturated or unsaturated alkyl, or 
cyctoallcyl group, an aryl group, a urethane or sulphonyl group and R 5 , R 6 , r t or R B are 
Independently hydrogen, a saturated or unsaturated alkyl or cycloalkyl group, or an aryl 
group, at least one of r\ r 3 , R* or R 4 Is hydrogen and A Is a linking group comprising one 
or two substituted or unsubatituted carbon atoms. 

2. A catalyst according to claim 1 wherein the group 8 metal compound Is a compound of 
ruthenium. 

3. A catalyst according to claim 1 or claim 2 wherein the chiral phosphlne Is a chiral 
bls(phosphlne). 

4. A catalyst according to any one of claims 1 to 3 wherein R\ R a , R 3 and R 4 are the same or 
different and are selected from hydrogen, methyl, ethyl, Isopropyl, oyclohexyl. phenyl or 4- 
methylphenyl groups. 

5. A catalyst according to any one of claims 1 to 3 wherein R 1 and R 2 are linked or R a end R 4 
are linked so as to form a 4 to 7-membered ring structure Incorporating the nitrogen atom. 

6. A catalyst according to any one of claims 1 to 5 wherein R 5 , R a , R 7 and R 8 are the same or 
different and are selected from hydrogen, methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl, 
sec-butyl, tart-butyl, cyclohexyl or substituted or unsubstituted phenyl or naphthyl groups. 

7. A catalyst according to any one of claims 1 to 5 wherein one or more of R s , R 8 R 7 or R* 
form one or more ring structures with the linking group A. 




(I) 



15- JUL-S003 lid: 10 KKUi: 
N 60018 
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8. A catalyst according to any one of claims 1 to 7 wherein a substituting group on the carbon 
atom of linking group A la alkyl (C1-C20), alkoxy (C1-C20) or amino or forma one or more 
ring structures Incorporating one or more carbon atoms making up the linking group. 

8. A catalyst according to any one of claims 1 to 3 wherein the ohlral diamine la of formula (II) 



wherein B Is a linking group comprising one or two substituted or unsubstltuted carbon 
atoms. 

10. A catalyst according to claim 9 wherein R\ R 3 , ft', R 4 are hydrogan, R 8 , R 8 , R 7 and R B are 
hydrogen or alkyl groups and B comprises C(CH 9 )* or (CH 5 )(OCH»)C-C(CH^OCHa). 

1 1 . A catalyst according to any one of claims 1 to 3 wherein the chlral diamine Is of formula (III) 



wherein R' la a protecting group. 



12. A catalyst according to claim 1 1 wherein R 1 , R* and R 8 are hydrogen, and R 4 are 
hydrogen or alkyl, R 7 and R a are hydrogen, alkyl or aryl and R' Is selected from an alkyl. 
aryl, carboxylate, amido or sulphonate protecting group. 

13. A catalyst according to any one of claims 1 to 3 wherein the chlral diamine Is of formula 




B 



OQ 




(ill) 



(IV) 




(IV) 
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14. A catalyst according to claim 13 wherein R\ R 8 , R 3 , R 4 , R b ( R 7 are hydrogen and R fl and R p 
era ary! or substituted aryl groups 



16. A catalyst according to any one of claims 1 to 3 wharafn the chlral diamine Is of formula (V). 



H M M ' 



wherein n = 1 or 2* 



16. A catalyst according to claim 15 wherein R* and R a are hydrogen. 



17, The use of catalysts of claims 1 to 1 6 for the asymmetric hydrogen at! on of ketones and 
iminas. 



15-JUU-aadJ i-wun: 
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Catalysts aultabla for asymmetric hydrogenatlon reactions Is dascribad comprising the raactlon 
product of a group 8 transition matal compound a chlral phosphln© and a chlral diamine of 
formula (l) 



«X V 



(i) 



ft 8 'R< 



in which R 1 , R 3 , R s or R 4 are independently hydrogen, a saturated or unsaturated alkyl, or 
cycloalkyl group, an aryl group, a urethane or sulphonyl group and R* R*. R pr R* are 
independently hydrogen, a saturated or unsaturated alkyl or cycloalkyl group, or an aryl group, 
at least one of R\ R 9 , R* or R 4 to hydrogen and A Is a linking group comprising one or two 
substituted or unsubatftutad carbon atoms. 
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